The Dongting Lake Estuary is migration pathways for some river-lake migratory and semi-migratory fishes. In the present study, an annual survey of fish was conducted from January to November 2018 covering a total of 6 sites in Dongting Lake Estuary. A total of 57 freshwater species and subspecies belonging to 5 orders and 10 families were recorded. The catches at the Dongting Lake Estuary were mainly composed of Lake settled fish. The biomass of Cyprinus (Cyprinus) carpio Linnaeus was the highest, accounting for 25.53% of the total catches, followed by Hypophthalmichthys molitrixs, Culter alburnus Basilewsky and Ctenopharyngodon idellus, accounting for 10.41%, 8.99% and 7.10% of the total catches, respectively. The four major domestic carps accounted for 26.13% of the total catch. The range of richness of species varied between 40 and 51 species. The trend was fewer species in spring, with the arrival of summer and autumn gradually increasing, peaking at the turn of summer and autumn, and then gradually decreasing with the arrival of winter, to the lowest in spring. The Shannon, Simpson, Pielou and Margalef indices showed the consistent trends with richness of species.
Introduction
Dongting Lake is a large, shallow lake in northeastern Hunan Province, China. It is a flood basin of the Yangtze River [1] . Dongting Lake has a subtropical monsoon climate and its annual precipitation varies greatly. Hence, the lake's size depends on the season. The Dongting Lake Estuary is migration pathways for some river-lake migratory and semi-migratory fishes [2] . It is the gene pool for fishes and the representative of biological diversity of freshwater fishes in China. Dongting Lake is a place for fish breeding, fattening and wintering, in addition to regulating floods. It plays an extremely important role in protecting the fishery resources and biodiversity of the Yangtze River system [3] [4] .
However, as the basin economy develops and human activities aggravate, the Dongting Lake Estuary is confronted with a series of problems of resources and environment such as water environment deterioration, ecological degradation and destruction of resources [5] . Over-fishing, sand excavation in channel and water pollution have brought about serious problems to Dongting Lake Estuary fish resources [6] . The number of species caught has gradually decreased.
In this study, an annual survey of the composition and diversity of fish communities in the Dongting Lake Estuary was carried out. The objectives are: 1) to characterize the fish fauna in Dongting Lake Estuary; 2) to know fish biodiversity and temporal distribution.
Materials and Methods

Study Area
The agricultural watershed, Located in northeastern Hunan Province, China, Dongting Lake (N28˚44' -29˚35'; E111˚53' -113˚05') is a large river connected lake in the middle reaches of the Yangtze floodplain. The present study was conducted in the Dongting Lake Estuary, which is a channel of 14 km length and 1 km mean width, and the sampling area was close to Dongting brige, Chenglingji and Sanjiangkou ( Figure 1 ).
Sampling Methods
Samplings of fish were conducted from January to November 2018, covering a total of 6 sites in Dongting Lake Estuary. Each site was carried out four times.
The investigations were conducted by boat. In this way, information was obtained for each cienaga during the four characteristic periods of the hydrological cycle of the Dongting Lake Estuary. The fish were collected using experimental multifilament gillnets, formed from panels measuring 100 × 3 m, in nine different sizes (from 4 to 15 cm stretched mesh).
The nets were set out for 24 h, and checked every 4 h, with the intention of avoiding phenomenon such as predators and decomposition due to the high temperature of the water. In order to estimate the total richness of the species, sampling was designed for each of the various existing habitats. In all the cienagas, one sampling station was chosen within each of these four macrohabitats:
littoral with trees, littoral without trees, pelagic, and the connecting channel between cienaga and main rivers. All were sampled simultaneously. Because sampling effort was constant across samples, it was not necessary to adjust diversity estimates using rarefaction or other techniques to account for different sampling techniques or sample sizes. 
Data Analyses
After sampling a specific site, each individual was identified to the species level according to Chu et al. [7] , FRL [8], HIH [9] , and HIFS [10] . Most individuals were released after identification, whilst some other specimens were fixed with the 10% formalin for certain identification after anaesthesia by eugenol solution.
All fixed specimens were preserved HNFRI, China.
We define the richness of species in a cienaga as Local Richness. Shannon-Wiener diversity ( ) H ′ , Simpson, Pielou and Margalef indices were calculated from the taxonomic composition of cienagas samples [11] . The formulas were:
where S is the number of species; N is the number of individuals; N i is the number of the species i.
Results
Estimating Total Species Richness
During the study, a total of 5831 individuals were recorded representing 57 freshwater species and subspecies in Dongting Lake Estuary, which distributed among 5 orders and 10 families. Cypriniformes and Siluriformes were the most represented orders. The most diverse family was Cyprinidae with thirty-seven species (Table 1 and Figure 2) .
As revealed by species accumulation curve (sample-based rarefaction curve, Figure 3 ) for all samples in Dongting Lake Estuary, species richness of fish community increased with increasing numbers of samples. However, the accumulation curve for species richness was nowhere near a complete asymptote in the present study (Figure 3 ). Thompson and Withers [12] a high proportion of rare species and few abundant species have a species accumulation curve with a low inflection point on the y-axis and a long upward sloping line to the asymptote.
Fish Fauna Composition
The catches at the Dongting Lake Estuary were mainly composed of Lake settled fish. The biomass of Cyprinus (Cyprinus) 
Fish Diversity
The abundance, biomass and richness varied seasonally depending on the cienaga, as well as between species. The range of richness of species (local richness) Table   2 ). The trend was the smallest species in spring, with the arrival of summer and autumn gradually increasing, peaking at the turn of summer and autumn, and then gradually decreasing with the arrival of winter, to the lowest in spring. The Shannon, Simpson, Pielou and Margalef indices showed the consistent trends (Table 2 ).
Discussion
The Yangtze floodplain is among the largest floodplains in the world. Historically, all lakes in the floodplain were freely connected with the mainstem of the river. At present, only three medium-to large-sized lakes, Dongting Lake, Poyang Lake and Shijiu Lake, retain their free connection with the mainstem of the river. Such river-lake connections maked for the exchange of matter, energy and organisms between the river and its floodplain maintaining fish diversity in this region. The literature shows that Dongting Lake had 104 to 114 species of fish [13] [14] [15] . In this study, 57 species of fish were found in the annual monitoring of Dongting Lake estuary. Compared with historical data, there were fewer species. Lake after the closure of the Three Gorges. From 2010 to 2017 [16] , it was the rising period of the four major domestic carps. The proportion of the Four major domestic carps in Dongting Estuary Lake in 2018 was 26.13%, which was higher than that of Dongting Lake in history. This may be due to two reasons: 1)
Since 2012, Hunan has increased the release of parent fish and fish species of the four major domestic carps in Dongting Lake and Xiangjiang River; 2) In recent years, the Dongting Lake region has strengthened its crackdown on illegal fishing. Species number and diversity indices showed that fish diversity of the Dongting Lake Estuary was high, with temporal variations. Generally, higher diversities occurred in summer and autumn than spring and winter. The periodic changes of fish species number and diversity indices in Dongting Lake estuary coincide with the periodic changes of flood peak and water level in Dongting Lake. Summer and autumn were the peak periods of floods. The Dongting Lake received the flood and got the supplement of fish resources, the species number and fish diversity indices reached the peak at this time. Then, with the recession of floods and the decline of water level, the number of species decreased gradually. The connection between rivers and lakes had play an important role in supplementing the fish resources of Dongting Lake and maintaining the fish diversity of Dongting Lake. The variation trend of diversity indices and evenness indice in Dongting Lake estuary was consistent, indicating that fish in Dongting Lake estuary enjoyed good niche differentiation. Both diversity index and evenness index were suitable for assessing the diversity status of fish in Dongting Lake.
Conclusion
An annual survey of fish was conducted in January to November 2018 in Dongting Lake Estuary. A total of 57 freshwater species and subspecies belonging to 5 orders and 10 families were recorded. The catches at the Dongting Lake Estuary were mainly composed of Lake settled fish. The four major domestic carps accounted for 26.13% of the total catch. The species, Shannon, Simpson, Pielou and Margalef indices, had the consistent trend, which was the fewer species in spring, with the arrival of summer and autumn gradually increasing, peaking at the turn of summer and autumn, and then gradually decreasing with the arrival of winter.
